Somatic cell hybrids were generated by Extensive studies on the regulation of expression of differentiated cell functions in somatic cell hybrids have documented both extinction and expression of the synthesis of a number of specialized proteins (1-3). Transient amplification of intracellular levels of hemoglobin in heterokaryons derived from fusion of erythroblasts with fibroblasts has been reported (1, 4 
hybrids grown in monolayer retained most of the chromosomes of each parent. Neither cytoplasmic hemoglobin nor globin mRNA was detected in dimethylsulfoxidetreated fibroblast X erythroleukemia hybrid cells, indicating extinction of hemoglobin synthesis prior to the formation of cytoplasmic mRNA. The human marrow X mouse erythroleukemia hybrid cells grown in suspension culture contained only a few human chromosomes and exhibited low levels of hemoglobin synthesis which were amplified by 2% dimethylsulfoxide. Mouse (but not human) globin mRNA was demonstrated in these hybrid cells. The results suggest that somatic cell hybrids may be useful in searching for genetic factors which regulate activity of the globin genes.
Extensive studies on the regulation of expression of differentiated cell functions in somatic cell hybrids have documented both extinction and expression of the synthesis of a number of specialized proteins (1) (2) (3) . Transient amplification of intracellular levels of hemoglobin in heterokaryons derived from fusion of erythroblasts with fibroblasts has been reported (1, 4) . These results suggested that somatic cell hybrids making hemoglobin might be obtained by fusion of cells expressing the globin genes with other proliferating cells. The Friend erythroleukemia cell has been shown to express a low level of constitutive hemoglobin synthesis which is amplified by culture in medium containing 2% dimethylsulfoxide (Me2SO) (5) (6) (7) (8) . Hemoglobin production in the erythroleukemia line developed by Ikawa is totally dependent upon Me2SO (9) . Since erythroleukemia cells grow readily in culture and express globin genes in response to a known stimulus (Me2SO), we 
MATERIALS AND METHODS

Cell Culture Conditions. Cell culture in Dulbecco Modified
Eagle's Medium supplemented with 5% fetal calf serum or 10% fetal calf serum F-12 (10) was as previously described (11) . All hybrid lines were grown in medium supplemented with 100 AM hypoxanthine, 0.4 jAM aminopterin, and 1.6 ,uM thymidine [HAT, as developed by Littlefield (12) (15) . Fusion conditions were as previously described (11) . The ratio of fibroblast or human marrow cells to erythroleukemia cells varied from 20 to 200 to one. In those fusions which utilized parental clone 745, the erythroleukemia cells were removed by repeated washings and selection of cells growing in monolayer. The hybrid colonies were isolated as separate fusion events 2 or 3 weeks later when the individual colonies had attached to the plastic dish. In most cases they were recloned according to the method of Ham and Puck (16) . The S8 X human marrow hybrid cells were isolated as a suspension culture. The cells were tested for mycoplasma by Flow Laboratories or Microbiological Associates, and found to be devoid of this infection.
Isozyme Analyses. Cell extracts were obtained as described (11, 17) , separated by electrophoresis on starch gels or on Cellogel cellulose acetate strips (Chemetron, Milan, Italy), and stained for glucose-6-phosphate dehydrogenase (18) or glucose-phosphate isomerase (11, 19) .
Benzidine Staining of Whole Cells. Slides were prepared with a cytocentrifuge; after flame fixation the cells were stained with benzidine as described by Fowler et al. (20) .
Karyology. Cells in the logarithmic phase of growth were incubated for 2 hr at 370 in 0.2 ug/ml of Colcimid, exposed to a hypotonic solution of either water and F-14 medium (4/1) or 0.075 M KC1, and then processed as outlined previously (11) .
Preparation of Human and Mouse Globin Complementary
DNA (cDNA). Globin mRNA was prepared from mouse and human reticulocytes by phenol extraction of the membranefree lysates (21) . Avian myeloblastosis virus was obtained from Drs. J. and D. Beard, through the Office of Program Resources and Logistics, Viral Oncology, National Cancer Institute. The cDNAs were synthesized with avian myeloblastosis virus RNA-directed DNA polymerase (22, 23) as previously described (25) . The standard 1 ml reaction mixture included 0.5-2.0 A260 units of globin mRNA, 100 ,g of actinomycin D, 55 units of RNA-directed DNA polymerase, 9.0 ,AM [3H]dATP (specific activity 5.6 Ci/mmol), 7 (25, 26) . Hydrolysis with micrococcal nuclease was as described by Kacian and Spiegelman (27) . Proc. Nat. Acad. Sci. USA 72 (1975) kinase-deficient mouse L cell fibroblasts (B82), and the hybrid cells were grown in monolayer cultures. Since erythroleukemia cells derived from DBA/2 mice have a different glucosephosphate isomerase phenotype (GPI-1A) than B82 cells derived from C3H mice (GPI-1B), isozymal analysis of this enzyme was performed (28 culture and retained 73-84% of the chromosomes expected from fusion with one modal clone 745 erythroleukemia cell (Table 1) . Human, mouse, and heteropolymeric glucose-6-phosphate dehydrogenase and glucose-phosphate isomerase isozyme species were present in all three hybrids. These cells were uniformly negative for cytoplasmic hemoglobin when incubated in 2% Me2SO and tested with the benzidine stain. Furthermore, no detectable hybridization was observed between mouse or human globin cDNA and RNA extracted from these human fibroblast X erythroleukemia hybrid cells after incubation for 7 days in 2% Me2SO (Table 1 and Fig. 2) .
Characteristics of Human Marrow X Mouse Erythroleukemia Hybrids. Fusion of a human marrow fraction enriched in erythroblasts with S8 erythroleukemia cells generated hybrid cells which were grown in suspension culture. These cells contained on the average only three to four more chromosomes than were present in the S8 parent (Table 1 and Fig. 3 ). While only four biarmed chromosomes were found in 98% of the 50 metaphase spreads of the S8 parent analyzed, five biarmed chromosomes were present in 96% of the 50 metaphase spreads of the hybrid cells. Glucose-6-phosphate dehydrogenase isozymes identical to each parental type as well as a heteropolymeric species were present in the hybrid cells (Fig. 4) . Twenty to 60% of the hybrid cells incubated in 2%
Me2SO were benzidine positive ( Table 1) . Reaction of mouse globin cDNA with RNA extracts of the human marrow X S8 hybrid cells before and after incubation in 2% Me2SO indicated that both constitutive and Me2SO-stimulated mouseglobin mRNA was present (Fig. 2) . The specificity of cDNA to mouse and human globin mRNA was tested by reacting these probes with RNA extracted from erythroleukemia cells (Fig. 5A) . The mouse globin mRNA. Human globin mRNA was not detected in this human marrow X S8 hybrid cell line (Fig. 5B) .
DISCUSSION
The hybrid cell lines generated during these studies offer insight into certain aspects of the regulation of globin gene expression. In 22 human or mouse fibroblast X mouse erythroleukemia cell hybrids selected for growth in monolayer, no hemoglobin was found. In all cases a majority of the chromosomes of both parents were retained. In addition, mouse erythroleukemia cell glucose-phosphate isomerase was detected in all these hybrids. Mouse glucose-phosphate isomerase is linked to the mouse beta-globin locus (29) , and therefore, we could be certain that at least one of the globin structural genes was present. Nonetheless, in 12 
